The LD50 of sodium monofluoroacetate to wild rabbits was determined in the field at three well separated sites in Western Australia, and in the laboratory using rabbits from one of the sites. At one site the rabbits are not exposed to fluoroacetate, while at the other two it occurs naturally in native plants of the genera Gastrolobium and Oxylobium, as well as being used in rabbit-control baits. No differences were detected in LD,, values from the three sites. Apparent differences between L D~O figures for rabbits from near Canberra and at our sites appear to be related to differences in experimental technique. The pressures for selection for tolerance to fluoroacetate in wild rabbits are discussed.
Introduction
Monofluoroacetic acid occurs naturally in a number of species of Australian plants of the genera Gastrolobium and Oxylobium. These poisonous plants are almost exclusive to Western Australia, mainly in the south-west of the State (Aplin 1967) . A number of them are palatable to herbivores and are known to have caused considerable losses of domestic stock in the early development of the southern region of the State (Cameron 1977) .
Investigations by Oliver et al. (1977) indicate that some Western Australian species of mammals have a greater tolerance to monofluoroacetate than do the same species in eastern Australia. This suggests local evolution of resistance to monofluoroacetate. Tolerance to fluoroacetate has been increased in rats by artificial selection (Howard et al. 1973) .
Rabbits colonized the south-west of Western Australia between the end of the nineteenth century and the early 1930's (Long 1972) , and since that time have been inhabiting areas where poisonous species of Gastrolobium and Oxylobium occur. Rabbit populations in the agricultural districts of this region have also been exposed to sodium monofluoroacetate (1080), which has been used for rabbit control since the early 1950's. If rabbits were to develop resistance to fluoroacetate poisoning this would have great bearing on rabbit control in Western Australia, where oat grain baits containing 1080 are used as the principal method for broad-scale control. We report here an investigation of the toxicity of 1080 to wild rabbits at three sites in Western Australia: Quobba Station (near Carnarvon), c. 1000 km north of Perth; Mt Barker, 350 km south-south-east of Perth, and Chidlow, 50 km east of Perth.
Study Sites
Quobba Station (24"211S., 113"16'E.) is in the north-west pastoral zone and has a mean annual rainfall of 225 mm. Grazing of cattle and sheep on natural semiarid rangeland is the main primary industry in the region. No plants containing fluoroacetate have been recorded within about 400 km of the area (see Aplin 1971 ) and 1080 has never been used in the region for rabbit control. Rabbits were caught within 1 km of the coast on deep, sandy soil.
The second area, near Mt Barker (34"44'S., 116'38'E.) in the south-west, has an average rainfall of 700 mm and is mainly used for coarse grain production and for sheep and cattle grazing on improved pastures. Poison plants of the genera GastroIobium and Oxylobium are common in the area and accounted for considerable stock losses in the early development of the region (Gardner and Bennetts 1956) . 1080 baiting has been used extensively in the area for rabbit control over the last 21 years.
In the Mt Barker region about 50 % of the land is cleared and used for agriculture; the property on which the rabbits were caught has large areas of low, open native vegetation where poison plants still occur. These are prickly poison Gastrolobium spinosum, thick-leaf poison Gastrolobium crassifolium, Stirling Range (or white gum) poison Gastrolobium velutinum, and heart-leaf poison Gastrolobium bilobum.
The third area was near Chidlow (31°50'S., 116O17'E.). It has a rainfall of 750 mm and was originally a farm used for grazing stock on improved pasture. No 1080 baiting has been carried out on the property for 7 y, but nearby properties have continued the use of 1080 for rabbit control. The property is surrounded by jarrah and wandoo forest, Eucalyptus marginata and E. wandoo. The shrub layer includes York Road poison Gastrolobium calycinum, berry poison Gastrolobiunz parvifolium, prickly poison G. spinosum, crinkle-leaf poison Gastrolobium villosum and box poison Oxylobium parviflorum (Aplin 1971 ).
Materials and Methods

Fie Id Dosing
All rabbits were caught by hand or netted and kept in large cardboard boxes overnight for a brief settling-in period. Doses of 1080 (Rentokil Laboratories Limited), which was determined to be 92 % sodium monofluoroacetate, were administered intraperitoneally in an aqueous solution by syringe.
Two solutions were used, one containing 9 . 2 mg ml-' sodium monofluoroacetate for the higher doses, the other containing 0.92 ml mg-I for the lower doses. Rabbits were dosed at the rates of 0, 0.092, 0.184, 0.368, 0.736, and 1.472 mg kg-' body weight.
Dosing commenced at 1000 h on the morning after capture. After dosing, animals were returned to the cardboard boxes inside a building and checked every half hour so that time of death could be recorded. Survivors were kept for a period of 48 h after dosing and fed diced carrots during the evenings.
Laboratory Dosing
The LDS, values for Western Australian rabbits were determined under laboratory conditions with an experimental regime similar to that employed by McIlroy in eastern Australia (personal communication); it is described below.
Forty adult male rabbits were caught by hand or netted at Mt Barker, brought back to Perth and put in animal cages with food and water available ad libitum. Rabbits were held in the laboratory for 2 weeks to accustom them to captivity, at a room temperature of 22°C and a photoperiod of 12 h from 0800 to 2000 h. Rabbits were fasted from 1600 h overnight before dosing. Doses of 1080 were administered orally through an oesophageal tube and sterile syringe. The solution used contained 1 mg sodium monofluoroacetate per millilitre deionized water. Five animals were dosed at each level, a sixth (control) animal for each group was given an equivalent amount of deionized water. Rabbits were dosed at the rates of 0 , 0~2 6 1 , 0~3 2 6 , 0~4 0 8 , 0~5 1 0 and 0.637 mg kg-' body weight. After dosing, animals were returned to cages with food and water available ad libitum, and observed for the following 7 days.
Results
All doses and LD,, values are expressed in terms of the sodium monofluoroacetate content of the 1080 dose given. A11 LD,, values and confidence limits were calculated by the method of Thompson (1947) . 
Field Dosing
The results of this experiment are set out in Table 1 The LD,,'s thus calculated do not show any significant differences between the three sites. However, the rabbits at two sites (Quobba Station and Mt Barker) appear to have LD,, values which differ from that of 0.349 (0.299-0.307) given by McIlroy (personal communication) for rabbits from near Canberra.
In order to make the figures more strictly comparable with those given by McIlroy (who used males only in his determination), we calculated the LD,,'s for the males from each site, and found that all three were significantly different from McIlroy's figure. The male LD,,'s are: Quobba Station, 1.04 (0.43-2.50); Mt Barker, 0.69 (0.49--0.98); Chidlow, 0.63 (0.49-0.82). There is no significant difference between the rabbits from the three sites in Western Australia.
Because the removal of females from the calculation led to an increase in LD,, at each site, we compared the LD,, for all males and for all females from all three sites. The assumption was made that, as males from the three sites do not differ significantly, neither will females. There are insufficient data from females at Chidlow and Mt Barker to calculate valid LD,,'s. The values calculated are: males (all sites), 0.73 (0.60-0.88); females (all sites), 0.49 (0.38-0 a63). The disparity has no statistical significance, as the confidence intervals overlap.
Laboratory Dosing
One possibility which would explain the apparent differences between the values for males from our three sites and that given by McIlroy for rabbits from Canberra is the different techniques used in the experiments. We therefore determined an LD,, for male rabbits from Mt Barker in conditions as near as possible to those used by The LD,, calculated from these data is 0.46 (0.34-0.61), which is not significantly different from McIlroy's value of 0.349 (0 299-0.407).
Discussion
LD,, values for rabbits from the three sites within Western Australia do not differ significantly from each other, which indicates that there are no significant regional differences in tolerance to sodium monofluoroacetate within the State. Apparent differences between rabbits from Western Australia and near Canberra are most probably related to differences in technique of determination. When we attempted to reproduce the conditions of McIlroy's determination, the LD,, of Western Australian rabbits did not differ significantly from that of rabbits from Canberra. This indicates that there has been no detectable evolution of resistance to fluoroacetate in the rabbit in Western Australia.
It is obvious that differences in experimental technique in LD,, determinations can lead to substantial disparities in LD,, values. Before toxicity figures can be compared, the conditions under which they are determined should be comparable. The experimental variables which affect the rabbit's ability to tolerate doses of sodium monofluoroacetate are not clear from this work, and further investigation would be necessary to determine them. Although resistance to fluoroacetate does not appear to have developed to significant levels at any of our sites, this does not preclude such evolution in the future or at other sites. It is interesting, however, to speculate on the probable level of selection pressure for development of resistance in the wild rabbit in Australia.
Tolerance to fluoroacetate was developed in rats (Howard et al. 1973) by dosing successive generations at the LD8, level. Is this sort of selection pressure likely to act on rabbits in the field; do enough rabbits in the wild ingest fluoroacetate at levels which are lethal to some individuals only?
In 'one-shot' rabbit baiting (Gooding and Harrison 1964) there is no free-feeding. There is only one poisoned oat grain per 100 in the bait, each containing about 4.5 mg 1080, which is lethal to any rabbit. If a rabbit feeding on unweathered bait eats one poisoned grain, it will die.
The poisoned bait in conventional baiting (Rowley 1957) has 1080 distributed through the whole material. Free-feeding is used before the poisoned bait is laid to ensure that as many rabbits as possible are eating the bait and that each individual is consuming enough to take in a lethal dose of the toxin.
It has been shown that 1080 is lost quickly from both conventional and one-shot baits by weathering (Griffiths 1959; Corr and Martire 1971 ; Wheeler and Oliver 1978) , reaching levels at which rabbits might ingest a dose between the maximum L D~ and the minimum LD,,,. These circumstances probably do not often arise in the field; in other words, the selection pressure from this source is probably not intense.
The poisonous Oxylobium and Gastrolobium species of Western Australia contain a range of fluoroacetate levels depending on the species, the part of the plant, and the time of the year (Aplin 1971) . Again, it is easy to suppose that a rabbit might eat only enough of a plant to receive a poison dose less than the minimum LD,,,. However, this would probably not occur often; rabbits are grazing animals, preferring monocotyledonous species (Bhadresa 1977) , and the toxic plant species are shrubs. In the agricultural districts, the poison plants are confined to the remaining areas of native vegetation, while the rabbits tend to feed (if not live) on pasture or crop.
The level of selection pressure, past or present, is difficult to assess. Although the above arguments and our results suggest that it is not high, this does not preclude evolution of fluoroacetate resistance in the rabbit.
